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June 2014 predicting prognosis after ischemic stroke, particularly in patients with cardioembolic stroke.
To explore this possibility, we analyzed data from a large-scale prospective database of patients with acute ischemic stroke in China.
Subjects and Methods
Patients and Evaluation
This study was conducted using prospective data from the Chengdu Stroke Registry. 8 The overall registry project was approved by the Scientific Research Department of West China Hospital, Sichuan University, and procedures used to build the registry conformed to local and international standards of research ethics. West China Hospital is considered by some the largest single-site hospital in the world, with 4300 beds and >180 000 admissions in 2012. It serves as the principal hospital in western China; its patients come from greater Chengdu, with a population of >10 million people, as well as from elsewhere in Sichuan province and surrounding provinces. The incidence of stroke in Sichuan province was reported in 2013 to be 100.9 per 100 000 individuals, compared with 135.6 per 100 000 across all mainland China. 9 The Chengdu Stroke Registry has continuously recruited consecutive stroke patients from 2000 to the present.
For the present analysis, patients were included if they were admitted to our hospital between January 1, 2005, and May 31, 2013, within 7 days of ischemic stroke onset, and if sufficient data were available to (1) compute the THRIVE score, (2) determine whether hemorrhagic transformation occurred, and (3) assess functional outcome and mortality at 3 months after admission.
THRIVE Score
The following data were recorded for each patient to calculate THRIVE score: age; initial stroke severity as measured by the National Institutes of Health Stroke Scale (NIHSS) score; and the presence or absence of hypertension, diabetes mellitus, or atrial fibrillation. The THRIVE score was calculated by assigning 1 point for an age of 60 to 79 years, 2 points for an age ≥80 years, 2 points for an NIHSS score of 11 to 20, 4 points for an NIHSS score ≥21, and 1 point each for hypertension, diabetes mellitus, and atrial fibrillation. Thus, the THRIVE score could range from 0 to 9.
Data Collection
On admission, baseline information was collected on age, sex, NIHSS, and risk factors (hypertension, diabetes mellitus, atrial fibrillation, current smokers, and current drinkers). Hypertension was defined as current use of antihypertensive medications or systolic blood pressure ≥140 mm Hg and diastolic blood pressure ≥90 mm Hg. Diabetes mellitus was defined as the use of antidiabetic medication or a fasting serum glucose level ≥7.0 mmol/L. Atrial fibrillation was defined as a history of persistent or paroxysmal atrial fibrillation, supported by past ECG or diagnosed by physicians based on ECG and 24-hour ECG monitoring during admission. Patients who had smoked ≥1 cigarette/d for ≥1 year were classified as current smokers. Patients who had consumed ≥50 mL of alcohol/d for >1 year were defined as current drinkers.
Brain computed tomography was performed on all participants within 24 hours of admission before the initiation of antithrombotic therapy. Follow-up brain MRI was performed on all participants, usually within 1 week of admission. Hemorrhagic transformation was defined as the appearance of a low-signal area (≥5-mm diameter) on follow-up T2 images 10 that was consistent with the presence of blood within the acute ischemic lesion. Whether hemorrhagic transformation was present or not on brain images were determined independently by 2 neurologists blinded to clinical data (inter-rater reliability κ=0.83). When there was disagreement, a third neurologist also blinded to clinical data was consulted, and a consensus decision was reached.
Stroke subtype was determined according to the Trial of ORG10172 in the Acute Stroke Treatment (TOAST) classification. 11 Ischemic stroke was classified into the cardioembolic subtype or into one of the noncardioembolic subtypes based on the TOAST classification criteria: large-artery atherosclerosis, small-artery occlusion, stroke of undetermined cause, or stroke of other causes. The basic assessment included intracranial and extracranial angiography using computed tomography, MRI, or digital subtraction methods, as well as 12-lead electrocardiography, echocardiography, chest x-ray, lipid profile, and standard blood tests. The results were used to classify patients as having large-artery atherosclerotic disease or other stroke subtype, as well as to confirm the source of embolism. If these assessments failed to identify the source of embolism, 24-hour Holter monitoring and transesophageal echocardiography were performed. Cardioembolic stroke was diagnosed in patients who presented arterial occlusions presumably attributable to an embolus arising in the heart and showed no evidence of large-artery atherosclerotic disease or other determined cause. If patients had concomitant risk factors, such as risk factors of cardioembolic with carotid stenosis (>50%) or other determined cause, their stroke was defined as being of undetermined cause.
Good outcome was defined as a modified Rankin Scale score of 0 to 2 at 3 months after admission. Experienced stroke neurologists blinded to patients' clinical data calculated modified Rankin Scale scores. Stroke deaths at 3 months were confirmed by contacting family members. Functional outcome and mortality were compared among 3 subgroups of patients stratified by THRIVE score on admission (0-2, 3-5, or 6-9). These subgroups have been validated for predicting prognosis of patients after ischemic stroke.
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Statistical Analysis
All statistical analyses were performed using SPSS (version 16; IBM). Results were reported as percentages, as means±SD, or as odds ratios (ORs) with 95% confidence intervals (CIs), as appropriate. The χ 2 or Fisher exact test was used to compare group data for categorical variables. Student t test and the Mann-Whitney U test were used to compare group data for continuous variables. The Mantel-Haenszel test was used to identify trends across THRIVE score subgroups (0-2 versus 3-5 versus 6-9). Receiver operating characteristic curves were constructed by plotting test sensitivity against 1−specificity. A 2-sided P<0.05 was considered statistically significant.
Results
Patient Baseline Characteristics and Risk Factors
A total of 4238 patients with ischemic stroke were admitted to our hospital during the enrollment period, and we excluded 38 (0.88%) patients who had received tPA therapy. This low rate of tPA therapy is consistent with previous reports that tPA thrombolysis is used in <2% of patients with stroke in China. 12 None of the patients enrolled in the registry during the study period had received endovascular treatment within 7 days of ischemic stroke onset. Of the 4200 patients enrolled in our study, 321 (7.6%) were lost to follow-up, so in the end 505 patients with cardioembolic stroke and 3374 patients with noncardioembolic stroke were included in our analysis. The baseline characteristics of the patients lost to follow-up did not differ significantly from those of the patients included in the final analysis.
Patients with cardioembolic stroke were more likely than those with noncardioembolic stroke to be women and older with higher NIHSS. The group with cardioembolic stroke showed significantly lower rates of hypertension, hyperlipidemia, current smokers, and current drinkers than did the group with noncardioembolic stroke group, as well as lower systolic and diastolic blood pressure (Table 1) . Among patients with cardioembolic stroke, cumulative mortality at 3 months after admission was 19.4% and the proportion of patients with hemorrhagic transformation was 22.6%. All these outcomes were significantly more frequent than among patients with noncardioembolic stroke: 6.2% and 5.3%.
THRIVE Score and Clinical Outcomes
THRIVE score independently predicted good clinical outcome, defined as a modified Rankin Scale score of 0 to 2 at 3 months after admission, not only in patients with cardioembolic stroke but also in patients with noncardioembolic stroke (P<0.001). In both groups of patients, the proportion of individuals with good outcome was significantly higher when the initial THRIVE score was 0 to 2 than when it was 3 to 5 or 6 to 9 (P<0.001; Table 2 and Figure 1 ). Logistic regression showed that every 1-point increase in THRIVE score was associated with a decrease in the likelihood of good clinical outcome at 3 months: among patients with cardioembolic stroke, the OR was 0.59 (95% CI, 0.51-0.67; P<0.001); and among patients with noncardioembolic stroke, the OR was 0.53 (95% CI, 0.49-0.57; P<0.001).
Increasing THRIVE score also independently predicted an increase in 3-month mortality among patients with cardioembolic or noncardioembolic stroke (P<0.001). In both groups of patients, mortality was significantly lower when the initial THRIVE score was 0 to 2 than when it was 3 to 5 or 6 to 9 (P<0.001; Table 2 and Figure 1 ). Logistic regression showed that every 1-point increase in THRIVE score was associated with an increase in 3-month mortality: among patients with cardioembolic stroke, the OR was 1.48 (95% CI, 1.28-1.70; P<0.001); and among patients with noncardioembolic stroke, the OR was 1.95 (95% CI, 1.76-2.16; P<0.001).
To verify the association between THRIVE score and outcomes based on our analysis of 3 THRIVE score categories, we examined whether continuous THRIVE score was associated with good outcome and mortality ( Figure 2 ). As THRIVE score increased, the rate of patients showing good clinical outcome decreased and the rate of mortality increased. Because only 93 patients (2.7%) had THRIVE scores of 7 to 9, the 3 scores were combined to simplify the graphical analysis.
THRIVE Score and Risk of Hemorrhagic Transformation
Higher THRIVE score was associated with higher rate of hemorrhagic transformation among patients with cardioembolic or noncardioembolic stroke (Table 2 and Figure 1 ). The risk of hemorrhagic transformation in both groups of patients was significantly lower when the initial score was 0 to 2 than when it was 3 to 5 (cardioembolic stroke, P=0.004; noncardioembolic stroke, P<0.001) or 6 to 9 (cardioembolic stroke, P=0.025; noncardioembolic stroke, P=0.002). Logistic regression showed that every 1-point increase in THRIVE score was associated with increased risk of hemorrhagic transformation: among patients with cardioembolic stroke, the OR was 1.15 (95% CI, 1.03-1.30; P=0.003); and among patients with noncardioembolic stroke, the OR was 1.29 (95% CI, 1.17-1.40; P<0.001). 
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To verify the association between THRIVE score and hemorrhagic transformation based on our analysis of 3 THRIVE score categories, we examined whether continuous THRIVE score was associated with hemorrhagic transformation ( Figure 2 ). Increasing THRIVE score seemed to be associated with higher proportions of hemorrhagic transformation (P<0.001).
Receiver Operating Characteristic Curve Analysis of THRIVE Score
Receiver operating characteristic curves were generated to examine the ability of THRIVE score to predict good clinical outcome and death at 3 months, as well as hemorrhagic transformation in patients with cardioembolic or noncardioembolic stroke. The areas under the curves were similar between both groups of patients for good clinical outcome (0.729 versus 0.708; P=0.39), mortality (0.712 versus 0.755; P=0.22), and hemorrhagic transformation (0.602 versus 0.608; P=0.45; Figure 3) .
We compared the sensitivity and specificity of initial THRIVE score for predicting good outcome, death, and hemorrhagic transformation in patients with cardioembolic or noncardioembolic stroke. Different cutoff values of the THRIVE scores were tested to generate the highest J of diagnostic test. The best prediction was obtained with a score of 2 for good outcome, death, and hemorrhagic transformation. The sensitivity associated with good outcome, death, and hemorrhagic transformation among patients with cardioembolic stroke was 68.3%, 63.2%, and 62.5%, respectively; the corresponding specificity was 62.1%, 74.1%, and 73.5%, respectively. The sensitivity associated with good outcome, death, and hemorrhagic transformation among patients with noncardioembolic stroke was 78.7%, 76.1%, and 71.2%, respectively; the corresponding specificity was 65.1%, 69.1%, and 65.6%, respectively.
THRIVE Score as Prognostic Indicator for Noncardioembolic Stroke Subtypes
Finally, we examined the ability of THRIVE score to predict good outcome, mortality, or hemorrhagic transformation for 3 subtypes of noncardioembolic stroke: large-artery atherosclerosis, small-artery occlusion, and stroke of undetermined cause. We could not perform such an analysis for the TOAST Figure 2 . Association between totaled health risks in vascular events (THRIVE) score on admission and frequencies of (A) good outcome, (B) death, and (C) hemorrhagic transformation within 3 months of admission in patients with cardioembolic (CE) or non-CE ischemic stroke. category of other-cause stroke because our study population contained only 67 such patients. The results were similar to those observed above when patients with noncardioembolic strokes of any subtype were considered together (Table 3) .
Discussion
Our study, based on a large-scale, hospital-based registry project in China, suggests that THRIVE score is a good predictor of good outcome and mortality after cardioembolic or noncardioembolic stroke in patients who have not received tPA therapy. These findings complement and extend previous studies performed in North America and Europe. In fact, the THRIVE score performed similarly well as a prognostic indicator across the various stroke subtypes in our study. Using the THRIVE score may therefore allow physicians to predict prognosis after ischemic stroke and adjust treatment to minimize the risk of disability and mortality. The THRIVE score is a valuable tool because it is calculated from clinical data assessed immediately on admission, without the need for complex neuroimaging or laboratory testing.
The THRIVE score takes into account nonmodifiable predictors (age and NIHSS score) and modifiable ones (hypertension, diabetes mellitus, and atrial fibrillation) that have been shown to influence prognosis and are strong risk factors for hemorrhagic transformation after acute ischemic stroke.
5,13 THRIVE score has been validated as a tool to predict functional outcomes and mortality across the entire range of acute stroke treatments, including intravenous tPA therapy and treatment for endovascular stroke. [5] [6] [7] The receiver operating characteristic areas under the curves for THRIVE score to predict good outcome and death in our study, which involved only patients who did not receive tPA therapy, were similar to areas under the curves reported for THRIVE to predict outcomes in other acute stroke treatment contexts. [5] [6] [7] Based on our results and on those of previous studies, the THRIVE score seems to work well in patients from Europe, North America, and East Asia.
The THRIVE score can easily be calculated with readily available clinical data, yet its power to predict clinical outcomes seems to be comparable with that of scoring systems that are more difficult to calculate or that require complex neuroimaging techniques or laboratory tests, including the Houston Intra-Arterial Therapy score, 14 ischemic stroke risk score, 15 and hemorrhage after thrombolysis score. 16 All these scores also take stroke subtype into account. The present results, together with past studies, highlight the advantages of using the THRIVE score, either alone or in conjunction with other more complex scores.
Our finding that THRIVE score may predict hemorrhagic transformation after ischemic stroke is consistent with previous studies identifying older age, 4 atrial fibrillation, hypertension, 17 and hyperglycemia 18 as risk factors for hemorrhagic transformation after ischemic stroke. All these parameters are taken into account when calculating the THRIVE score. A strong relationship between THRIVE score and hemorrhagic transformation has also been reported in the VISTA 7 and in the National Institute of Neurological Disorders and Stroke (NINDS) tPA trial. 19 Our study has some limitations. First, our limited data prevented us from comparing THRIVE score with Houston Intra-Arterial Therapy score, ischemic stroke risk score, or hemorrhage after thrombolysis score for their ability to predict good clinical outcome and risk of hemorrhagic transformation across different stroke subtypes. Second, our study involved only inpatients, so although our findings have immediate relevance for routine hospital practice, additional study is needed to assess their validity in the general population. Third, our study involved a relatively small number of patients with hemorrhagic transformation, probably because none of the patients in our recruitment pool received tPA therapy. As a result, we cannot definitively confirm that THRIVE score can predict hemorrhagic transformation in patients with cardioembolic or noncardioembolic stroke. Fourth, THRIVE score is a continuous variable, so each individual THRIVE score did not simultaneously show both good sensitivity and specificity in our study. This suggests the need to combine THRIVE score with other indicators.
In conclusion, our findings from this large-scale registry suggest that the THRIVE score provides a rapid, reliable tool for predicting functional outcomes and mortality in East Asian patients with any of various subtypes of ischemic stroke.
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